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A satellite communications system is disclosed comprised- of a central station (20), a number of subscriber stations (26), at

least one geostationary relay satellite (28), and a number of mobile user platforms carrying transmitting equipment (32) which
communicate with a satellite (28). The central station (20) includes a transmitting antenna (24j for transmitting a pilot signal to
the satellite (28), and a receiving antenna (22) for receiving the retransmitted pilot signal from the satellite (28) and the communi-
cations transmissions relayed from the mobile platforms (32). The two antennae (22, 24) may be tombined into 4 single antenna.
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TITLE OF THE INVENTION:

AUTOMATIC FREQUENCY CONTROL OF SATELLITE TRANSMITTED
SPREAD SPECTRUM SIGNALS "

BACKGROUND OF THE INVENTION:

The invention described and claimed herein relates.
generally to the field of communlcatlons, and is

particularly concerned with a radio communication system

PCT/US90/05430

in which signals are exchanged between ground-based’

transmitters and receivers through one or more relay
PEEN 4 IR U ST ) ‘

satellites.

Many radio communication systems utilize(satellites;’

particularly geostationary satellltes as 51gnal relays 1n
order to cover large geographic areas and to ellmlnate

interference from terrestrial sources,‘ Iphgexeﬁusatell;teH "

communication systems, earth stations at fixed geographic
locations transmit radio 51gnals to a satellite which™
receives, amplifies, and rebroadcasts the traﬁsﬁszLons a%
a shifted frequency in order to avoid interference w1th

the received signals. The retransmltted, 51gnals are

received by other earth statlons ajt fixed loca‘tldns. I‘h‘

NN SN

Fetieig;

this manner, point-to-point communicatlon llnks can be
established. Mobile satellite communlcatlon systems
operate in much the same manner, although in thls case the
signals are relayed between moblle termlnals whlch are
carried by automobiles, trucks, alrplanes, shlps, er other
movable platforms. : S v ‘

Both fixed and mobile satellite ccmmunlcation Ssystems

share certain limitations. One limitation relapesutqﬂthe

fact that the frequency generators or oscillators 'used on '
board the satellites in order to achieve the desired
frequency shift are subject to frequency drift. =~ The "

occurrence of such drift can result in distortion of the.
received signals or, in some cases, in the total loss of.

the relayed transmissions.

rodd g

Padidd dp o e




WO 91/05420

10

15

20

25

30

35

-2~

Once a satellite is placed into orbit, it becomes
difficult or impossible to control any drift that may
occur in the satellite oscillator. While it is possible
in principle to provide onboard systems that eliminate or
compensate for drift, this option is not available for
satellites already in use. In any event, such an approach
may be impractical in many instances due to satellite
weight budgets and other factors.

Satellite oscillator drift poses a particular problem
in satellite communication systems which employ spread
spectrum coding of the transmitted signals. The phrase
"spread spectrum" generally refers to methods of radio
transmission in which the frequency bandwidth of the
transmissions greatly exceeds the minimum necessary to
communicate the desired information. Several types of
spread spectrum coding are possible. So-called "direct
sequence" systems are those in which the carrier frequency
is modulated by a digital code sequence whose bit or
"chip" rate is much higher than the information bit rate.
Other types of spread spectrum systems include frequency
hopping systems, in which the carrier frequency is
switched among a plurality of predetermined values, and
chirp modulation systems, in which the carrier frequency
is swept over a wide band during a given pulse interval.
The advantages of spread spectrum coding include improved
noise immunity and the ability to allow use of the same
frequency band by multiple wusers without mutual
interference.

In all types of spread spectrum communication
systems, it is necessary for the receiver to acquire
(i.e., synchronize to) the transmitted signal before the
data can be decoded. This process, which is ordinarily
carried out by phase locked loop circuits, introduces a
finite delay between initial reception of a spread
spectrum transmission and recognition of the transmitted
data. In the case of continuous mode spread spectrum
transmissions, the acquisition or lockup delay occupies

PCT/US90/05430
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only a small part of the time domain 'of the recelved
signal and hence is not a serious problem. In soﬁe _types

PCT/US90/05430

of satellite-based systems, however,‘multiple users share

the bandwidth simultaneously and the transmissioris from’

any one user occur asynchrondﬁsly in Shorte,eprsts,
separated by periods of inactivity. In such'Systems, it
is essential that the receiver acquire lo¢k quickly in
order to avoid loss of the transmitted data. Satellite
oscillator drift, which causes the carrier ‘frequency

received from the satellite to vary, can significantly

increase signal acquisition time and must therefbre be

avoided.

vVarious methods have been employed in an attempt to

detect and compensate for frequendy driff in satéllite-

based spread spectrum communication systems. ~ In somé

systems, for example, a pilot signal is transmitted to the

satellite and then received back at a ground statlon,
where the received 51gna1 is combared W1th a ‘local
standard to detect drift.” In such systems, hUWever,

measures must be taken to avoid 1nterference between the :
pilot signal and the transmitted data. Typically, thls is

done by transmitting the pilot 51gnal at a carrler o

frequency which is outside the bandwidth “of the
information signal. This method, . whilé effective, is

disadvantageous in that additional bandwldth 1s requiredf

in order to accommodate the pilot 51gnal. An alternative

technique is to provide blanking intervals during whlch no‘?‘sﬁ
data is transmitted, so that the receiver is able to
detect the phase and frequency of the unmodulated eergief.'
signal. This method avoids the need for an increase ih .

bandwidth, but the net effect is to reduce the amount of

data that can be transmitted during a glven tlme 1nterva1.

,,,,,

,,,,,

requiring additional bandwidth and without affectlng,the‘

efficiency of data transmission.
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SUMMARY OF THE INVENTION:

In accordance with the present invention, automatic
frequency control is provided in a spread spectrum radio
communication system by employing a pilot signal as a
frequency reference. A transmitter inserts the pilot
signal at a null point in the power versus frequency
spectrum of the transmitted spread spedtrum signal in
order to minimize bandwidth requirements, to prevent the
pilot signal from interfering with the transmitted data,
and to prevent the transmitted data from interfering with
the pilot signal.

In one aspect, the present invention relates to a
radio communication system comprising a remote transmitter
for transmitting an information signal having a power
versus frequency spectrum characterized by at least one
intermediate null frequency at which the signal power has
a minimum value; a central station having a pilot signal
transmitter for transmitting a pilot signal having a
frequency substantially equal to the null frequency, and
a receiver for receiving retransmitted information and
pilot signals; a signal relay = for receiving the
information signal from the remote transmitter and the
pilot signal from the central station, and for
retransmitting the information and pilot signals to the
central station, said signal relay including a local
oscillator which is susceptible to frequency drift; and
automatic frequency control means coupled to the receiver
at the central station for detecting variations in the
frequency of the received pilot signal and for adjusting
the response of the receiver in such a manner as to
accurately track the frequency of the received information
signal despite frequency drift in the local oscillator.

Additional aspects of the present invention include
the combination of a central station of the type described
above with a signal relay susceptible to oscillator drift
for receiving signals from a remote transmitter; the



WO 91/05420

10

15

20

25

30

35

;,;_,a!!“:«w,;m E R P R T [ FF PR

PCT/US90/05430
-5-

construction and operation of the central statlon per se;
and methods for transmitting and- receivlng 1nforﬁet1on
signals and for carrying out automatic frequency control
of the received signals using the exemplary apparatus
disclosed and claimed herein. The 1nventlon has
particular utility in satellite<based position
determination and message transfer systems employing burst
mode spread spectrum signals, but is also useful inh other

applications. o

BRIEF DESCRIPTION OF THE DRAWINGS:

¥

The various objects, advantages, and novel features
of the present invention will be more readily understoed
from the following detailed description when read in
conjunction with the appended drawings, in which:

Fig. 1 is a schematic illustration of a moblle '
satellite communication system employing a fixed central
station, a plurality of mobile platforms, and a satellite
relay; i | f s

Fig. 2 1is a schematic diagram ;1lustratingr tﬁe
principal transponder components used in“the‘satéllite'ﬂfj
Fig. 1; ’ .
Fig. 3A is a graph representing the power versus
frequency spectrum of the spread spectrum<si§nais received
at the satellite from the mobile platforms; : “7

Fig. 3B is a graph representing the power versus ‘
frequency spectrum of the signals received "at the =
satellite from the mobile platforms together w1th the”m
pilot signal inserted by the central statlen, , "

Fig. 3C is a graph representing the pewer versus'
frequency spectrum of the signals transmitted by the
satellite in response to the received signals illustrated
in Fig. 3B; and | i |

Fig. 4 1is a schematic diagram’ illustrefing tﬁe
principal components of the pilot signal subsyStem used in
the central station of Fig. 1. '
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Throughout the drawings, like reference numerals will
be understood to refer to like parts or components.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT:
Zo22ibl LLoLRITISUN VP Ak PREFERRED EMBODIMENT

Fig. 1 is a schematic illustration of a satellite
communication system operating in accordance with the
principles of the present invention. The system compriées
a fixed central station 20, a number of subscriber
stations 26, at least one geostationary relay satellite
28, and number of mobile user platforms 32 carrying
transmitting equipment for communicating with the
satellite 28. The central station 20 includes a
transmitting antenna 24 for transmitting a pilot signal to
the satellite 28, and a receiving anteﬁna for receiving
the retransmitted pilot signal from the satellite 28 and
the communications transmissions relayed from the mobile
platforms 32. The two antennas 22 and 24 may be combined
in certain applications.

Communications between the mobile platforms 32 and
the central station 20 may be carried out in one of two
different modes. 1In one mode, an outbound interrogation
signal (not shown) is transmitted by the central station
20 to the satellite 28, where it is received, frequency
shifted, and retransmitted to the mobile platforms 32.
The mobile platforms respond to the received interrogation
signals by transmitting burst mode reply signals
containing identification and/or message information to
the central station 20 through the satellite 28. The
central station 20 transmits the received information to
a number of subscriber stations 26 over terrestrial
communication links, and may also relay messages from the
subscriber stations 26 to the mobile platforms 32 as part
of the outbound interrogation signal. If a number of
relay satellites 28 are employed, the central station may
be provided with the additional capability of calculating
the position of each mobile platform 32 using time=-
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difference-of-arrival methods, ahd providing thls
information to the subscriber statlons 26 and/or to the
mobile platforms 32.

In the second communication ~mode, the mobile '
platforms 32 transmit burst mode communication 51qnals
autonomously rather than in response to 1nterrogat1bn
signals transmitted by the central station 20.’ -The mqblle'
platform transmissions may occur on an automatlc baszs
(e.g., periodically or in response to internal or external
sensors), or on a manual basis in response to a user
input. In addition to providing identification and/or
message information, the communication signals ttapsnitted
by the mobile platforms may also contain thé“plafform
location as obtained from an external source such’ as LORAN
or GPS. The position information may be prov1ded to the
subscriber stations 26 along with the message and’
identification data. T .

Further details of the message exchange and position
determination functions may be found in U.8. Patent
4,359,733, issued to G. K. O'Neill on November 16, 1982;
in U.s. Patent 4,744,083, issued to G. K. O'Neill and L.
O. Snively on May 10, 1988; in U.S. Patent No. 4 839 656,
issued to G. K. O'Neill and L. O. Snively on’ June 13,
1989; in copending U.S. patent appllcathn Serial No.
260,614, filed by M. Motamedi on October 21, 1988; and in
copending U.S. patent application Serial No. 342;968,
filed by R. D. Briskman on April 25, 1989; all of said
patents and applications being expressly 1ncorporated‘

s o7

herein by reference.
In both of the communication modes descrlbed above,

the inbound reply or communication signals from the mabile ‘

platforms 32 are transmitted to the satelllte 28 at a :
common carrier frequency F, and are shlfted’tq,a diffg:ent
carrier frequency F, for retransmissicn to 'the"” central
station 20. In order to increase rioise immunity and allow
multiple users to operate on the Samé ‘fréhuency band, the
user-transmitted signals (as well as the interrogation
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signal, if used) preferably comprise direct sequence
spread spectrum signals employing pseudo-noise (PN) codes.
The frequencies F, and F, correspond to the center
frequencies of the original and retransmitted user
signals, respectively, and both carrier frequencies are
modulated by a PN code having a chip frequency of a per
second.

The return channel of the satellite 28 is illustrated
schematically in Fig. 2. Each mobile platform 32
transmits the inbound signal over its allocated frequency
F, to the satellite receiving antenna 42, which applies the
received signal as an input to an RF amplifier 44. The
amplified signal is provided as an input to a mixer 46
along with the output F, of a local oscillator 48. The
mixer 46 produces a frequency shifted version of the reply
signal at an output frequency F,. The mixer output is
applied to a filter 50, RF transmitter 52, and satellite
transmitting antenna 54 for transmission to the central
station 20 of Fig. 1.

As is known, the output F, of the mixer 46 may be
chosen to represent the sum or difference of the inputs
F, and F,. Thus, the relationship of the signal
frequencies can be represented as follows:

F,=F, + Fyg, or
F, = F, - Fy, (for F, > F,)

In either case, it will be appreciated that any drift in
the oscillator frequency F, will cause a commensurate drift
in the frequency F, of the retransmitted signals.

The inbound communication signals which are
transmitted to the satellite 20 by the mobile platforms 32
have a power spectrum which is illustrated in Fig. 3a.
The abscissa represents the frequency domain of the user
signal and the ordinate represents the power or energy.
Most of the signal energy which reaches the satellite 20
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from the mobile platforms 32 is centered at frequency Flh
and drops off according to a known function of the ohlp
frequency a of the spread spectrum modulation’ applied by
the mobile transmitters. In partféular, the power
spectrum is defined by the function (sin x/x7 which is -
characteristic of direct sequence spread spectrum 51gnals.
In this type of power spectrum, approx1mately 90% of the .
energy of the signal is within *2a of F,, and’ the‘energy )
of the signal goes to zero at various null points F, i"Ka}l
(where K = 1, 2, 3, 4, ... ). The user signals are
retransmitted by the satellite 28 to the centraiﬂstation
20 at a shifted center frequency le but have essentiaily‘
the same energy distribution as 1llustrated in Flg. 3A.

In accordance with the present 1nventlon, a pllot or
reference signal is transmitted by the tnansmlttlng
antenna 24 at the ground station 20 to the rece1v1ngh
antenna 42 of the satellite 28. The transmltted pllotff
signal is a continuous, unmodulated carrier smgnal having““
a discrete frequency F, which 'is within the f.‘requency
domain of the user-transmitted signals centered about the.

frequency F,, and which is 1dcated’ at one of the hﬁ;l’w“v

points F, * Ka of the energy distributich'shown"in*Fig. 3A.

Since the pilot signal is within the frequency spectrum ofl
the communication signals transmltted to the satelllte 20

by the mobile platforms 32, 1t is ampllfled by the.
satellite return channel of Fig. 2 an& retransmltted to
the ground station receiving antenna 22" raleong ﬁith‘thet
signals received from the mobile platforms.

Fig. 3B shows the power spectmmu of the comblned
input to the satellite receiving antenna 42, comprlsing
the user-transmitted signals centered at’ frequercy ¥, and”
the inserted pilot signal at frequeﬁcy‘ F5o In‘ tﬁé‘
illustrated example, the chosen pilot signal frequency 15
F, - a, but the selection of F, + a as the p;lot 51gnal;
frequency produces equivalent results. “Inse%tlon of th@‘

(KR

pilot signal at the outer null frequen01es (i e., F1 + 2&‘

LT

and beyond) is p0551ble but is less de51rable since the

PEEEFNTE o
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central station receiver may exhibit reduced sensitivity
at these frequencies. In any event, it will be appreciated
from Fig. 3B that the user-transmitted information signals
centered at F, and the pilot signal at F; are virtually
5 independent and do not interfere with each other because
the energy of the pilot signal is confined to a frequency
at which the energy of the user signals is essentially
zero.

When the inbound signals from the mobile platforms 32
10 are shifted to the frequency F, by the satellite return
channel of Fig. 2, the frequency of the pilot signal is
likewise shifted to a new value F,. The frequency shift

of the pilot signal, which may be expressed as:

F, = F; + Fq, or

15 F,

is the same as the frequency shift of the signals
transmitted by the mobile platforms 32 and is equal to the
oscillator frequency Fy. Thus, any change in the
oscillator frequency Fy results in corresponding changes in

20  both the retransmitted user signal frequency F, and the
retransmitted pilot signal frequency F,. This is
illustrated in Fig. 3C, which shows the power spectrum of
the combined return signal from the satellite 28,
comprising the retransmitted user signals centered at

25 frequency F, and the retransmitted pilot signal at
frequency F,.

As noted above, the overall power spectrum of the
combined return signal in Fig. 3C is essentially the same
as that of the transmitted signals in Figs. 3A and 3B.

30 Thus, in the illustrated embodiment, the frequency F, of
the retransmitted pilot signal exists at the -¢ null point
of the power spectrum of the retransmitted user signal.
This relationship assures that the retransmitted versions
of the user signal and of the inserted pilot signal are
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independent and do not interfere with each other at the

central station 20. : ' T
The pilot signal subsystem employed at the central

station 20 is illustrated in Fig. 4. A highly stable

master oscillator 70 produces a reference"frequenoy'f'r
which is in the range of the intermediete freduency“(IF)
used by the spread spectrum recelver clrcultry of the
central station. Typically, this latter- frequency is
approximately 70 MHz. The output 51gnal “from ‘the
oscillator 70 is provided as an 1nput to an up cogverter
72 which mixes the frequency F, with a second frequency
(from a source not shown) to producé the pilot sighal
carrier frequency F,. A phase- locked osclllator 73 is
connected to the output of the up converter 72 to o
stabilize the pilot signal at the desxred carrler
frequency F,. An RF transmitter 74 amplifies the pilot
signal and continuously transmits it to the'satellite 28
of Fig. 1 by means of the central station trensmitting
antenna 24. At the satellite (Fig. 2), both the ‘pilot
signal carrier frequency F, and the mobile platform signals
centered at the frequency F, are received by the»receiving
antenna 42, amplified, shifted by the oscillator freqﬁéney‘

F,, and retransmitted by the satellite transmitting ant@hna”“

54 to the receiving antenna 22 of the central statlon 20.
With further reference to Fi§. 4, the received Uiser
and pilot signals are amplified by an RF ampllfler 76 and‘

applied to the input of a down converter 78. In the down“f“

converter 78, the user and pilot signals at frequencies
F, and F,, respectively, are mlxed with a contrel’ frequency‘
F. produced by a variable oscillator 80. . The varlable
oscillator may comprise a phase locked osc1llator or a'
voltage controlled oscillator. The cutput of the down:
converter 78 is an 1ntermed1ate frequency (IF) 51gna1 ‘of

approximately 70 MHz which is coupled to a spread spectrum;,,
communications receiver 82 through a poweér splitter 84.
The other output of the power splltter 84 is coupled to at'
pilot extractor circuit 86 which  extracts the

Sipd

e e tartagagi it
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downconverted pilot signal from the user-transmitted
information signals. The  frequency F.’ of the
downconverted pilot signal will, in the absence of
satellite oscillator drift, be equal to the reference
frequency F, from the oscillator 70. To detect any drift
which may be occurring, the frequencies F, and F_’ are
applied as inputs to a frequency comparator 88. The
comparator 88 produces a difference signal € which may
consist of a digital value, a DC voltage level, or the
like. The difference signal ¢ is applied as a control
input to the variable oscillator 80. As a result, the
control frequency F. produced by the oscillator 80 changes
with excursions in the intermediate frequency F.’ of the
received pilot signal. Thus, if the received pilot signal
frequency increases or decreases due to drift in the
frequency F, of the satellite oscillator 48, the resulting
difference between the reference frequency F, and the
downconverted frequency F.’ of the returned pilot signal
will cause the comparator 88 to produce a corresponding
difference signal €. This, in turn, causes the variable
oscillator 80 to increase or decrease the control
frequency F. as necessary in order to maintain a constant
intermediate frequency (IF) input to the communications
receiver 82.

The pilot extractor 86 is a highly selective bandpass
filter which searches for the nominal frequency F, of the
downconverted IF pilot signal received from the satellite
28. The passband of the filter is selected to accommodate
a worst case anticipated drift in the satellite oscillator
48. In order to avoid possible confusion between the
pilot signal and the data signals from the mobile
platforms 32, the pilot extractor 86 may also include a
threshold detector which admits only inputs above a
certain power or energy level and below another level.
For example, with reference to Fig. 3C, the pilot
extractor may be sensitive to the frequency band F, around
the =-a null point in the power spectrum of the received
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signal. Within that frequency band, the pilot extractor
86 may be responsive only to signal energies within a band
E, which is above the energy of the side lobe 92 and beldw
the energy of the main lobe 94.centered at F}.l‘ln tnis
way, the pilot signal can be aGCuraﬂeIY‘“7€ (   m the.
mobile platform 1nfarmatlon“‘SIgmaisN”Hha Méeﬁ”“fﬁrﬁ”
comparison with the reference frequency F, to prov1de the
desired automatic fregquency control.

It will be appreciated from: the foregomng descrlptl?n
that the use of a contlnuous plldﬁ s;?~" Ln ‘ 
with the present invention allows the’ centfal étatlon to'
adapt immediately to changes in the received frequency due
to satellite oscillator drifts, even during intervals when
no information signals are being received from the moblle
platforms 32. This is meortayt it J&l%ﬁ%inguhﬁpstJ;
acquisition of burst mode spread spectrﬁm transmissions.
Furthermore, insertion of the pilot signal at a null point
in the power spectrum of the information signals minimizes
bandwidth utilization, allows the spread spectrum encoded
data to be recovered without distortion, and permits the
level of the pilot signal to be selected without concern
for interference with (or by) the information signal.

Although the present invention has been described
with reference to a preferred embodiment, the invention
is not limited to the details thereof. For example, the
pilot signal may be transmitted from a location other than
that of the central station, and the signal relays need
not comprise satellites. Other substitutions and
modifications will occur to those of ordinary skill in the
art, and all such substltutlons and . mbdlflcatmons are“
intended to fall within the SCOpe ofmw”é>1ny ' 1EDYRE
defined in the appended claims.

Bl ol e ERTEIRETET AN
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WHAT IS CIATIMED IS:

l.

A radio communication system, comprising:

a remote transmitter for transmitting an
information signal having a power versus frequency
spectrum characterized by at least one intermediate
null frequency at which the signal power has a
minimum value;

a central station having a pilot signal
transmitter for transmitting a pilot signal having a
frequency substantially equal to said null frequency,
and a receiver for receiving retransmitted
information and pilot signals;

a signal relay for receiving the information
signal from said remote transmitter and the pilot
signal from said central station, and for
retransmitting said information and pilot signals to
the central station, said signal relay including a
local oscillator which is susceptible to frequency
drift; and

automatic frequency control means coupled to the
receiver at said central station for detecting
variations in the frequency of the received pilot
signal and for adjusting the response of the receiver
in such a manner as to accurately track the frequency
of the received information signal despite frequency
drift in said local oscillator. '

A communication system as claimed in claim 1,.wherein
said information signal comprises a burst mode,
direct sequence spread spectrum signal having a
center frequency F, and a chip frequency a, and
wherein said pilot signal comprises a continuous
carrier signal having a frequency substantially equal
to F; % a.
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A communication system as claimed in claim 1, wherein
said information signal comprises a burstf‘no&e,
direct sequence spread spectrum signal having a
center frequency F, and a chip frequencyvra,"and
wherein said pilot signal comprises a .continuous
carrier signal having a frequency substant;ally egual
to F, + Ka, where K is an inteder greater than or

equal to 1.

A communication system as claimed in claim 1, whereln

said signal relay comprises a satelllte.

A communication system as cleimed in dléim'1:'Wh§?eiP
said signal relay retransmits the information signal
and the pilot signal at shifted frequencies, the
amount of frequency shift being determined by said
local oscillator and being essentfaliy the same for

the pilot signal frequency and for the center

frequency of the information 51gnal.

A communication system"as,'clai§3d, in claim 1,
wherein: S Lo
said receiver comprises ‘a down converter for
BRSPS Y !

converting the frequency of the recelved smgnals to
an intermediate frequency} by mlx;ng the reoe%yeq

peieggn

Sadrias vt

frequency with a control 'frequéncy, said ‘down - -

‘lw"‘[) 'E!!' g

converter having a first 1nput for . the recelved o

signals, a second input for the reference frequency,

Fadda.

and an output for the 1ntermed1ate frequencyh and B

said automatic frequency control - means -
comprises a control c1rcu1t connected betWeen ‘gaid -

EARRRET L)

down converter output and sald secong ;nput fori

JJJJJ

detecting the frequency of the dpwnconyerted,pflot
signal and for generating a control frequency which
varies in accordance with said detected:frequency.
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A radio communication system as claim in claim 6,
wherein said control circuit comprises:

a pilot signal extractor having an input coupled
to said down converter output, and an output;

a frequency comparator having a first input
coupled to the output of said pilot extractor, a
second input, and an output; 7

a fixed frequency oscillator having an outbut
coupled to the second input of said frequency
comparator for generating a pilot signal reference
frequency; and

a variable frequency oscillator for generating
said control frequency, said variable frequency
oscillator having an input coupled to the output of
said frequency comparator and an 6utput coupled to
the second input of said down converter.

A radio communication system as claimed in claim 7,
further comprising a communications receiver having
an input coupled to the intermediate frequency output
of said down converter.

A radio communications system as claimed in clainm 8,
further comprising a power splitter interposed
between the intermediate frequency output of said
down converter and the inputs of said communications
receiver and said pilot signal extractor.

A radio communication system as claimed in claim 7,
wherein said pilot signal extractor comprises a
bandpass filter.

A radio communication system as claimed in claim 7,
wherein said pilot signal extractor further comprises
a threshold detector for passing only signals having
predetermined energy levels.



WO 91/05420

10

15

20

25

30

12.

13.

14.

15.

l6.

-17-

.| ,

“\‘;

A radio communication system as clalmed in clalm 11

wherein:

the power versus frequency spectrum of the

information signal comprlses a qaln

lobe hav1ng

Pyt

. 1

L

ig ;H

J‘x

peak energy at a predetermined centerdfrequency and

a pair of side lobes having pedk éenérgies less ‘that”

that of the main lobe; and

said threshold detector passés - only signals
having energy levels less than the peak energy of ‘the' -
main lobe and greater than the peak ehergles of tﬁe‘

side lobes.

A radio communication system as clalmed in clalm 7

i

u s

wherein said variable oscillator comprises . a phase,

locked oscillator.

SEITI

A radio communication system as claimed in 'claim 7,
wherein said variable oscillator comprises a''voltage -

controlled oscillator.

ity k.
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[
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A radio communication system as clalmed in clalm 1
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wherein said central statlon further comprlses a

common fixed frequency osc1llator coupled to sald

i’

frequency control means.

A radio communication system for
information signal from a remote transmitter,

IS TTE S TINFE:

T

‘receiVing ran e
csafgdyioo

information signal having a power versqs‘fre
spectrum characterized by at least one 1ntermed1ate

ﬂ)}v i

pilot signal transmitter and to 'sald automatlc
i Mg hii

EFAE S FTEEE S

en

J«'; ,;;44;4“1

minimum value, said communication system comprlslng

a central station having a’

plloi

gt

transmitter for transmlttlng a prlot 51gnel havmgg“ :
frequency substantially equal to said null frequency,

and a receiver for . receiving

information and pilot signals:

M“

Foie o
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a signal relay for receiving the information
signal from said remote transmitter and the pilot
signal from said <central station and for
retransmitting said information and pilot signals to
the central station, said signal relay including a
local oscillator which is susceptible to frequency
drift; and

automatic frequency control means coupled to the
receiver at said central station for detecting
variations in the frequency of the received pilot
signal and for adjusting the response of the receiver
in such a manner as to accurately track the frequency
of the received information signal despite frequency
drift in said local oscillator.

A communication system as claimed in claim 16,
wherein said information signal comprises a burst
mode, direct sequence spread spectrum signal having
a center frequency F, and a chip frequency a, and
wherein said pilot signal comprises a continuous
carrier signal having a frequency substantially equal
to F; * «a. '

A communication system as claimed in claim 16,
wherein said information signal comprises a burst
mode, direct sequence spread spectrum signal having
a center frequency F, and a chip frequency «, and
wherein said pilot signal comprises a continuous
carrier signal having a frequency substantially equal
to F, * Ka, where K is an integer greater than or
equal to 1.

A communication system as claimed in claim 16,
wherein said signal relay comprises a satellite.

A communication system as claimed in claim 16,
wherein said signal relay retransmits the information

PCT/US90/05430

o



9
pioid i

ad "M

PCT / US90/ 05430

~~~~~ SELITIEE l i

WO 91/05420

-19- ' BT el gy J*“

Trd: 5!).

signal and the pilot 51gnal at shlfted frequenc1es,
the amount of frequency snlft‘beranﬂnﬁeran&ﬂwbyvi
said local oscillator and belng essentlally the sameﬁ\
for the pilot 51gna1 frequency and for the center
5 frequency of the lnformatlon 51gna1.*ww s
Pleo RV SRS IO SENPLIG FEFS PR F T
21. A communication system as claimed. 'in ‘claim’ 16,
wherein: T SRR T
said receiver comprises a down converter  for
converting the frequency of the received signa;s to

10 an intermediate frequency by m1x1ng the receﬁxede
frequency with a control’ frequency, said own
converter having a first ihput ~for® the recéivéd
signals, a second input for the réference frequency,
and an output for the intermediate frequency: and, .

15 said automatic frequency?yﬂcontrol nﬁens
comprises a control circuit connected between said
down converter output and ‘said ‘decdnd gt EEE
detecting the frequency of the downconverted pilot
signal and for generatlng a control frequency which

20 varies in accordance w1th sa1d detected frequency?“” B

Gl Bl Sl Gy RN RTEN T

22. A radio communlcatlcn system ?ﬁgffeunwrnhgle}n 2;,‘
wherein said control clrcult comprlses.
a pilot signal extractor havrng an; input coupled
to said down converter output, and an output,
25 a frequency comparator nav1ng' a fﬁgggﬁwgﬁyggﬁj
coupled to the output of said pllot extractor, a
second input, and an output;’ TP ~mm¢f»q
a fixed frequency osc111atcr haVLng an output
coupled to the second input of said frequency

30 comparator for generating a pllot 51gna1 reference

frequency; and BRI

a variable frequency oScfid'> £0r e
said control frequency, <sa1df “
oscillator having an 1nput coupled
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said frequency comparator and an output coupled to
the second input of said down converter.

A radio communication system as claimed in claim 22,
further comprising a communications receiver having
an input coupled to the intermediate frequency output
of said down converter.

A radio communications system as claimed in claim 23,
further comprising a power splitter interposed
between the intermediate frequency output of said
down converter and the inputs of said communications
receiver and said pilot signal extractor.

A radio communication system as claimed in claim 22,
wherein said pilot signal extractor comprises a
bandpass filter.

A radio communication system as claimed in claim 22,
wherein said pilot signal extractor further comprises
a threshold detector for passing only signals having
predetermined energy levels.

A radio communication system as claimed in claim 26,
wherein:

the power versus frequency spectrum of the
information signal comprises a main lobe having a
peak energy at a predetermined center frequency and
a pair of side lobes having peak energies less than
that of the main lobe; and

said threshold detector passes only signals
having energy levels less than the peak energy of the
main lobe and greater than the peak energies of the
side lobes.

I
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28. A radio communication system as claimed in claim 22,
wherein said variable oscillatqr'cpmgrises‘ejphgses

locked oscillator. N ) » |

29. A radio communication system as claimed in claim:'22, :
5 wherein said variable osc1llator comprlses a voltage
controlled oscillator. A
SRR ERTPRRTETE SE B K B IR
30. A radio communication system as claimed in claim 16,
wherein said central station further ‘compriseéd &' '
common fixed frequency oscillator ecoupled to said
10 pilot signal transmitter and to“§§id ‘aptomgpiq
frequency control means. N -
31. A radio communication system féT‘”%@déﬁWfﬁg““ﬁh
information signal from a remote transmitter through
a signal relay having a local oscillator  which is:
15 susceptible to frequency drift, 'said "information
signal having a power Versus ‘frequency spec@ww
characterized by at least one 1ntermed1ate nuli‘”
frequency at which the signal power has a min;mum
value, said communication system comprising: T
20 'a pilot signal transmitter for transmlttiﬁa“fﬁ .
said signal relay a pilot signal having a- frequency
substantially equal to said null frequency; = = '
a receiver for receiving ﬂretranemltted
information and pilot signals ftoﬁ'said‘51gna1 relhy'
25 automatic frequency control means coupled to
said receiver for detecting variations in the
frequency of the received pilot" 51gna1 and for
adjusting the response of the receiver so as to
accurately track the frequency of the recelved |
30 information signal desplte frequency drift in said

PERERN

local oscillator.

32. A communication system as claimed in claim 31,
wherein said information signal comprises a burst
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mode, direct sequence spread spectrum signal having
a center frequency F, and a chip frequency «, and
wherein said pilot signal comprises a continuous
carrier signal having a frequency substantially equal
to F, * a.

A communication system as claimed in claim 31,
wherein said information signal comprises a burst
mode, direct sequence spread spectrum signal having
a center frequency F, and a chip frequency a, and
wherein said pilot signal comprises a continuous
carrier signal having a frequency substantially equal
to F, # Ka, where K is an integer greater than or
equal to 1.

A communication system as claimed in claim 31,
wherein:

said receiver comprises a down converter for
converting the frequency of the received signals to
an intermediate frequency by mixing the received
frequency with a control 'frequency, said down
converter having a first input for the received
signals, a second input for the reference frequency,
and an output for the intermediate frequency; and

said automatic frequency control  means
comprises a control circuit connected between said
down converter output and said second input for
detecting the frequency of the downconverted pilot
signal and for generating a control frequency which
varies in accordance with said detected frequency.

A radio communication system as claim in claim 34,
wherein said control circuit comprises:

a pilot signal extractor having an input coupled
to said down converter output, and an output;

»
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a frequency comparator having a fifst input
coupled to the output of said pilot extractor,‘a
second input, and an output;

a fixed frequency oscillator - hav1ng an output
coupled to the second input of said frequency
comparator for generating a pilot” signal referenqe
frequency; and '

a variable frequency oscillator for generating
said control frequency, said varlayue ‘f:equenqy
oscillator having an input coupled to the output of
said frequency comparator and an outptit coupled to
the second input of said down canvertefQ

A radio communication system as claimed in claim 35,
further comprising a communications receiver having
an input coupled to the lntermedlate frequency output

RS SR S

of said down converter. A :

A radio communications system as claimed in.claim 36,
further comprising a power *splitter;fihte;posed
between the intermediate frequency output of saﬁa;
down converter and the inputs of said communications
receiver and said pilot signal‘extractor;>
A radio communication system as claimed in claim 35,
wherein said pilot signal extractor comprises a
bandpass filter. e

A radio communication‘syetem as claimed in claim 35,
wherein said pilot signal extractor further comprises
a threshold detector for passing only signals having

predetermined energy levels.

A radio communication system as claimed in claim 39,
wherein: R B

the power versus frequency spectrum of the
information signal comprises a main lobe having a
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peak energy at a predetermined center frequency and
a pair of side lobes having peak energies less than
that of the main lobe; and

said threshold detector passes only signals
having energy levels less than the peak energy of the
main lobe and greater than the peak energies of the
side lobes.

A radio communication system as claimed in claim 35,
wherein said variable oscillator comprises a phase
locked oscillator.

A radio communication system as claimed in claim 35,
wherein said variable oscillator comprises a voltage
controlled oscillator.

A radio communication system as claimed in claim 31,
further comprising a common fixed frequency
oscillator coupled to said pilot signal transmitter
and to said automatic frequency control means.

A method for transmitting an information signal from
a transmitting station to a receiving station through
a signal relay having a local oscillator which is
subject to frequency drift, said method comprising
the steps of:

transmitting an information signal from said-

transmitting station to said signal relay, said
information signal having a power versus frequency
spectrum characterized by at least one intermediate
null frequency at which the signal power has a
minimum value;

receiving the information signal at said signal
relay and retransmitting said information signal to
the receiving station;

transmitting a pilot signal to the signal relay,
said pilot signal having a frequency substantially

PCT/US90/05430

I



WO 91/05420

5

10
45.

15
46.

20
25 47.
48.

30

4 AR R R

PR A

PCFﬂﬁwmﬂﬁﬁm
=25~

equal to the null frequency of the transmltted
information signal;

receiving the pilot signal at saJ.d s:Lgnal relay _
and retransmitting said pJ.lot 51gnal to the Eecelvmg'

station;

receiving the retransmltted 1nformatlon and'
m\ SR

s
Ey

pilot signals at the receJ.v:Lng stat’ldn,
detecting variations in the" fr’é&uehdyaf”the
pilot signal received at the receiving statien; and -
carrying out automatic: frequency control at the
receiving station based on said detected variations.

Rl AR

A method as claimed 'in claim 44, wherein, 'said

information signal comprises a burst mode,: direct

sequence spread spectrum - Signak* having. a cemter
frequency F, and a chip frequency a, and wherein said.
pilot signal comprises a continuous carrier signal.
having a frequency substantially equal to F, % a.

A method as claimed in claim, 44, . whereln gald
information signal comprises :.a. burst .mode, direct
sequence spread spectrum signal having a center

frequency F, and a chip frequency a, ‘and wherein: said -

pilot signal comprises a contlnuous carrierﬁsighal
having a frequency substantlally equal to Fl + Ka,
where K is an integer greater than or equal tgﬂl.‘w
A method as claimed in claim 44, wherein said signal
relay comprises a satellite.
A method as claimed in claim,44, wherein the gteps df'v
retransmitting said information and pilot signals to
the receiving station include shifting the frequency

of said signals by substantially equal amounts.

Ry SRt T
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49. A method as claimed in claim 44, wherein the step of
transmitting a pilot signal to the signal relay is
carried out by the receiving station.

50. A method as claimed in claim 44, wherein:

5 the step of receiving the retransmitted
information and pilot signals at the receiving
station comprises downconverting said signals to an’
intermediate frequency by mixing the received
freéuency with a control frequency; and

10 the step of carrying out automatic frequency
control at the receiving station comprises generating
said control frequency in accordance with said
detected variations in the frequency of the
downconverted pilot signal. '

15 51. A method as claimed in claim 44, wherein the step of
detecting variations in the frequency of the pilot
signal received at the receiving station comprises
comparing said frequency with a reference frequency
used to generate said pilot signal.

20 52. A method as claimed in claim 44, wherein the step of
detecting variations in the frequency of the pilot
signal received at the receiving station includes
extracting the pilot signal from the information
signal by bandpass filtering.

25 53. A method as claimed in claim 44, wherein the step of
detecting variations in the frequency of the pilot
signal received at the receiving station includes
extracting the pilot signal from the information
signal by threshold detection of signals having

30 predetermined energy levels.

54. A method as claimed in claim 53, wherein:
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the power versus frequency spectrum of the
information signal comprises a main lobe having a
peak energy at a predetermined center frequency and

a pair of side lobes having peak energies less than'

that of the main lobe; and

said threshold detection is effective to pass
only signals having energy levels less than the peak
energy of the main lobe and greater than the peak
energies of the side lobes. o

A method for carrying out automatic frequency control
of an information signal received at a receiving
station from a transmitting statlon through a 91gnal"
relay having a local oscillator whlch is - subject to
frequency drift, said information sxgnal having a .
power versus frequency spectrum characterized by at |
least one intermediate null frequendy -at ‘which thei
signal power has a minimum value, said method
comprising the steps of: o -

transmitting a pilot signal to the 51gnal relay,
said pilot signal having a frequency substantially
equal to the null frequency of the’ transmitted
information signal; ' :

receiving the pilot signal at said signal relay
and retransmitting the pilot signal to the receiving
station; N

receiving the information signal and the

retransmitted pilot signal at the receiving station; =

detecting variations in the frequency of the.
pilot signal received at the receiving. station;

adjusting the response of receiving equipment at
the receiving station in accordance 'with said
detected variations in such a manner as to accurately. ..
track the frequency of the received ‘ihformatien'
signal despite frequency drift in said - local
oscillator. '
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A method as claimed in claim 55, wherein said
information signal comprises a burst mode, direct
sequence spread spectrum signal having a center
frequency F, and a chip frequency «, and wherein said
pilot signal comprises a continuous carrier signal
having a frequency substantially equal to F, £ ca.

A method as claimed in claim 55, wherein said
information signal comprises a burst mode, direct
sequence spread spectrum signal having a center
frequency F, and a chip frequency a, and wherein said
pilot signal comprises a continuous carrier signal
having a frequency substantially equal to F, * Ka,
where K is an integer greater than or equal to 1.

A method as claimed in claim 55, wherein the step of
retransmitting the pilot signal to the receiving
station includes shifting the frequency of said
signal.

A method as claimed in claim 55, wherein the step of
transmitting a pilot signal to the signal relay is
carried out by the receiving station.

A method as claimed in claim 55, wherein:

the step of receiving the information and pilot
signals at the transmitting station comprises
downconverting said signals to an intermediate
frequency by mixing the received frequency with a
control frequency; and

the step of adjusting the response of receiving
equipment at the receiving station comprises
generating said control frequency in accordance with
said detected variations in the frequency of the
downconverted pilot signal.



10

15

20

25

WO 91/05420

61.

62.

63.

64.

~-29-

A method as claimed in claim 55, wherein the step of
detectlng variations in the frequency of the pilot
signal received at the receiving station comprises
comparing said frequency with a reference frequency
used to generate said pilot signal.

PCT/US90/05430

A method as claimed in claim 55, wherein the step of

detecting variations in the frequency of the pilot
signal received at the receiving station includes

extracting the pilot signal from the information

signal by bandpass filtering.

A method as claimed in claim 55, wherein the step of
detecting variations in the frequency of the pilot
signal received at the receiving station includes
extracting the pilot signal from the information
signal threshold detection of signals having

predetermined energy levels.

A method as claimed in claim 63, wherein:

the power versus frequency spectrum of the
information signal comprises a main.lbbe having a
peak energy at a predetermined center frequency and

a pair of side lobes having peak energies less than

that of the main lobe; and
said threshold detection is effectlve to pass

only signals having energy levels less than the peak

energy of the main lobe and greater than the peak

energies of the side lobes.

r
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